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Abstract.  Structures are currently designed and constructed in accordance with pre-
scriptive and performance-based (PBD) methodologies to ensure a certain level of
occupant safety during fire emergencies. The performance-based approach requires
the quantification of both ASET (Available Safe Egress Time) and RSET (Required
Safe Egress Time) to determine the degree of safety provided. This article focuses on
the RSET side of the equation, for which a fire protection or fire safety engineer
would use some type of egress modelling approach to estimate evacuation perfor-
mance. Often, simple engineering equations are applied to estimate the RSET value.
Over time, more sophisticated computational tools have appeared—that go beyond
basic flow calculations; e.g. simulating individual agent movement. Irrespective of the
approach adopted, appropriate and accurate representation of human behavior in
response to fire within these approaches is limited, mainly due to the lack of a com-
prehensive conceptual model of evacuee decision-making and behavior during fire
emergencies. This article initially presents the set of behavioral statements, or mini-
theories, currently available from various fire and disaster studies, organized using
the overarching theory of decision-making and human behavior in disasters. Once
presented, guidance is provided on how these behavioral statements might be incor-
porated into an evacuation model, in order to better represent human behavior in fire
within the safety analysis being performed. The intent here is to improve the accuracy
of the results produced by performance-based calculations and analyses.

Keywords: Egress model, Performance-based design, Human behavior, Fires, Required safe egress time,

Egress, Modeling

1. Introduction

For a building to be constructed and occupied, the fire protection/safety engineer
must first establish that the building provides a sufficient level of safety during a
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fire incident. Buildings are currently designed and constructed in accordance with
prescriptive and performance-based methodologies to ensure this level of safety.

Prescriptive approaches rely on the application of a predetermined set of rules
that, if employed, typically allow the design to be deemed safe [1]. However, the
achieved degree of safety is not always apparent. In contrast, performance-based
designs (PBD) rely on a quantitative assessment of the fire and evacuation perfor-
mance levels achieved. This approach requires the quantification of both ASET
(Available Safe Egress Time—the time before conditions become untenable) and
RSET (Required Safe Egress Time—the time for the population to get to a place
of safety, as represented by the required safe egress time). These are then com-
pared to establish whether there is sufficient time, given a margin of safety, for the
population to reach safety before conditions become untenable. In recent years,
PBD has become increasingly popular given that it can be applied to more
unorthodox and complex structures (e.g. entertainment complexes [2, 3], heritage
sites [4], shopping malls [5], etc.) and provides an evidence-based approach in
assessing performance. This article focuses on the RSET side of the equation, for
which an engineer would use some type of egress calculation.

Often times, simple engineering equations are applied to estimate the RSET
value. These equations do not explicitly represent many of the expected evacuee
behaviors (e.g. information seeking), or the factors influencing them, and make
simplified assumptions regarding performance. For example, the movement of the
population is determined by the number of people in a space and the floor space
available [6], with the population effectively behaving like a fluid travelling along
a pipe. These equations are only able to provide aggregated results, such as over-
all performance levels, rather than detailed results and influencing factors. These
simplified assumptions may underestimate the time for a population to reach
safety, possibly reducing design safety levels [6].

Over time, more sophisticated computational tools have appeared [7]. These
tools can often represent the evacuating population as individual agents (i.e. simu-
lating the micro- as opposed to macro-level) and often more accurately represent
the nature of the space, individual attributes and the loss of routes due to the inci-
dent [8]. These models have the potential for representing factors that influence
agent behavior and the agent decision-making process [9]. However, these models
generally simplify behavior during evacuations, if behavior is included at all; for
instance, an empirical description of a behavior, both simplified and sequential in
nature. Although current egress models now typically include some representation
of the physical and behavioral aspects of evacuee performance, the representation
of the physical aspects is still more complete. This is likely due to the more
mature understanding of the physical processes involved in evacuation and the
availability of more data; however, it is also influenced by a longstanding bias,
from some, towards the physical and a belief that the behavioral process is less
amenable to simulation [10].

To better represent human behavior in fire would require a comprehensive con-
ceptual model of evacuee decision-making and behavior to be embedded within
the engineering calculations or computational models. Previous efforts in concep-
tual model development have been made, primarily based on behavioral research/-
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data from specific incidents [9, 10], focusing on certain aspects of the process [11],
or providing a general overview [12, 13]. However, it is necessary to have a model
that can be generalized to various types of fire incidents and be of sufficient scope
and refinement.

In a companion article [14], a preliminary conceptual model of human behavior
in fire was presented that encompassed behavioural data and theory from various
types of emergencies, including fire incidents. This model takes the form of a set
of behavioural statements comprising the primary elements of current understand-
ing of evacuee behavior. The statements were distilled from articles and authorita-
tive reports describing incidents, observations from within the field of evacuation
analysis and human behavior in fire [10-12]. The companion article offered guid-
ance for model developers on how these statements could be incorporated into
egress models, to help advance the representation of behavioral aspects of evacuee
performance. However, for a conceptual model to be truly effective, it must also
be utilised by model users. The purpose of this article is to introduce users to the
preliminary conceptual model and provide guidance on how it might be incorpo-
rated into existing evacuation calculations or computer models, in order to more
accurately represent human behavior in fire within life safety analyses.

2. Human Behavior in Fires: Theory Development and
RSET

Below are 28 behavioral statements comprising the preliminary conceptual model.'
The statements consist of mini-theories on behaviors that can occur during an
evacuation, the factors that influence these behaviors, and their outcomes. These
statements have each appeared several times in the literature in some form—either
as a finding from research or as an assumption in modelling analysis, or some
combination of the two. Yet, until recently, these statements were isolated: dis-
tributed between publications and other sources and used occasionally (or in a
piecemeal manner) in current egress analysis. Separately listed, they represent a
disparate picture of human behavior during fire evacuation. However, this model
was constructed based upon a theoretical framework of individual decision-mak-
ing and response to emergencies—the Protective Action Decision Model, or
PADM [15]. The PADM, which is based on over 50 years of empirical studies of
hazards and disasters [16-20], provides a framework that describes the informa-
tion flow and decision-making that influences protective actions taken in response
to natural and technological disasters [15]. When organized into the PADM
framework (see Table 1; Fig. 1), we move the field closer to a comprehensive the-
ory of human behavior in fire.> As such, the statements are meant to be consid-
ered together rather than in a piecemeal manner.

' The number and presentation of these statements has evolved since an earlier presentation [14].

2 This list is by no means exhaustive, but represents the key behavioral conventions that are identified,
understood, and employed within model development and engineering practice to some degree of fre-
quency.
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Environmental Social cues Information
cues sources
A 4
(1) Risk identification: P Pre-
“Is there a real threat that | need to decisional
pay attention to?” processes
l (a) Information needs assessment:

“What information do | need?”
(2) Risk assessment:
“Do | need to take protective action?”

J Y
(b) Communication action assessment:
“Where and how can | obtain this

A 4

(3) Protective action search:
“What can be done to achieve

: o
protection?” information?
(4) Protective action assessment: h 4
“What is the best method of (c) Communication action
protection?” implementation:

“Do | need the information now?”

A

|

(5) Protective action implementation:
“Does protective action need to be
taken now?”

Fig. 1. The protective action decision model (Source—[15] redrawn
from p. 47).

Some of the first questions this list might raise in users’ minds is why must all
these different behavioral aspects be taken into consideration when conducting a
life safety analysis and, perhaps more vexingly, Zow might they be incorporated
(indeed, they may be asking can all 28 behavioral statements really be incorpo-
rated)? There are currently over 60 different computer evacuation models available
to assess evacuation performance [8, 41]. These range from hydraulic calculations
that only produce aggregate results (e.g. overall evacuation time), to adaptive
agent-based approaches where results can be collected at the agent level (e.g. dis-
tances travelled) as well as aggregate levels. The variety in the models available
and the fact that none of them currently explicitly represent the full set of beha-
vioural statements might make users sceptical regarding the “how?” question.
Nevertheless, despite differing in many ways, most of the 60+ evacuation models
employ four basic performance elements to calculate RSET. These elements are
aspects of the model that users are required to manipulate, i.e., include input data
for or initiate some default value, in order to calculate RSET. More specifically,
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these elements can be manipulated by the user to explicitly or implicitly account
for most (or all) of the behavioural statements previously discussed. The following
four performance elements are standard in most current computer-based evacua-
tion models:

1. [Pre-Ev] Pre-evacuation time—the time for evacuees to initiate response and
commence movement to a place of safety once an incident has started.

2. Physical movement characteristics [PMC] of the evacuating population—in-

cluding travel speed (the unimpeded speed at which individual evacuees move

towards a place of safety) and flow conditions (the relationship between speed/

flow, population density and population size within a local area), both of

which can be affected by group formation.

[RA] Route availability—the routes available to the evacuees.

4. [RU] Route usage/choice—the routes selected by the evacuees from those avail-
able or those of which the evacuee is aware.

[99)

In more advanced evacuation models, a fifth performance element can be added
to the list: behavioral itineraries [BI]. The user can address evacuee delays before
or during evacuee movement by assigning behavioral itineraries to evacuees or
groups of evacuees. Behavioral itineraries are tasks performed during the pre-
evacuation or movement phases of an evacuation, and are assigned usually by
individual or group. The behavioral itinerary requires the definition of the loca-
tions visited during the evacuation and the time spent at these locations. The itin-
erary then implicitly represents evacuee behavior and the associated delays that
are not directly associated with movement to a place of safety.

The above list of performance elements is limited, omitting a number of factors
represented in particular models. This is intentional; the point being that there is at
least a core set of elements on which the majority of evacuation models conform,
elements which users can make choices about and control, and four out of these five
elements are influenced by human behaviour. (Note: The route availability [RA] per-
formance element is often determined by the fire scenario, rather than by the indi-
viduals and their behavior during evacuation). That means that, irrespective of the
type of evacuation model used, there is mechanism for users to represent the behav-
ioral statements (be they physical, sociological and/or psychological).

The next sections discuss each phase of the preliminary conceptual model in turn,
referencing the various stages of the PADM. The purpose of these sections is to pro-
vide the rationale and context for the behavioral statements’ inclusion and providing
guidance at the aggregate level to highlight where the user should focus his/her
attention to address each of the statements when conducting life safety analyses.

3. Behavioral Statements: Stages of the PADM

The PADM [15] provides a framework that describes the information flow and
decision-making that influences protective actions taken in emergencies. According
to this framework, the process of decision-making begins when people witness



656 Fire Technology 2017

cues from the event (see Fig. 1). Individuals may encounter only one type of cue
(for example, seeing smoke) or may be presented with a variety of different cues,
including environmental cues, the behavior of others, and warning messages. The
introduction of these cues initiates a series of pre-decisional processes that must
occur in order for the individual to perform protective actions: receiving the
cue(s), paying attention to the cue(s), and then comprehending the cue(s). Once
these pre-decisional processes are complete, individuals engage in a series of
stages, including risk identification, risk assessment, protective action search, and
finally, protective action implementation. If at any time throughout the process,
they are unable to complete a stage, e.g., they require additional information, they
are likely to engage in an informational needs assessment (e.g., what information
do I need?), a communication needs assessment (e.g., where and how can I obtain
this information?), and communication action implementation (e.g., do I need the
information now?). This process ends with the implementation of a protection
action, potentially (and hopefully) leading to safety.

Overall, the PADM provides a helpful framework, outlining the processes in
which an individual engages in their attempt to achieve safety. However, it does
not address the specifics related to building fires: i.e., the factors that would influ-
ence various stages of the process, the types of behaviors that are likely to be per-
formed at various stages, and the nuances unique to building fires (i.e., smoke
from a fire can vary by optical density as well as levels of toxicity). Hence, the
need to look to the field of human behavior in fire to populate the PADM frame-
work, making it more specific to building fire emergencies, i.e., the preliminary
conceptual model with its set of behavioral statements introduced here. The
behavioral statements have been compiled according to the PADM structure to
refine the description of the factors that influence performance in each stage and
also make the model more relevant to evacuation from fire.

The following sections further discuss each decision-making stage of the
PADM, highlighting the behavioral facts that are relevant in each stage.

3.1. Behavioral Statements Pre-Decisional Processes

Before decision-making stages begin, the individual must receive, pay attention to,
and comprehend the cue(s) and information provided. These are referred to as
pre-decisional processes within the PADM.

The individual must receive the cue(s) to initiate the process. In a fire, people
can be presented with external cues. These cues can be physical or social in nat-
ure, meaning that they arise from the physical environment or the social environ-
ment; e.g. breaking glass and actions taken by the building population,
respectively. These cues can be presented alone or several at a time, depending
upon the nature of the event. Physical and social cues produced in a building fire
can be received by occupants through hearing (e.g., an alarm or authority warn-
ing), smelling (e.g., smoke), seeing (e.g., others running), tasting (e.g., sulfur diox-
ide or hydrogen chloride), and/or touching (e.g., heat). Given the nature of the
situation and individual sensory capabilities, it should not be expected that all
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people will have access to the same external information or will perceive it in the
same way [42].

Just because an individual receives a cue does not necessarily mean that he/she
has paid attention to it. Therefore, the next step involves the individual paying
attention to the cue(s). This pre-decisional process involves the individual cogni-
tively registering that a cue has been received and beginning to provide the neces-
sary attention, which leads to the last pre-decisional process, i.e., comprehension.
Comprehension means understanding the information that is being conveyed. If
the message uses a different language or highly technical terms, comprehension
will be difficult. Comprehension also refers to the development of an accurate
understanding of environmental cues. For example, will the individual understand
that the smoke s/he smells is coming from a building fire rather than from burnt
toast in the kitchen?® Comprehension is also further complicated by the frequency
of false alarms with the building or complex.

Overall, many factors influence whether information is received, paid attention
to, and comprehended by individuals. The behavioral statements reflect these
ideas, discussing that certain factors, e.g., cue ambiguity, stress, frequent false
alarms, and sensory/cognitive impairments can provide barriers to these pre-deci-
sional processes. In the instances where these factors inhibit the completion of
pre-decisional processes, it is likely that the following risk-identification and
assessment processes (of the PADM) will be delayed, in turn, focusing attention
primarily to the pre-evacuation time period of a building fire. The likely impact
that the behavioral statements associated with pre-decisional processes have on
RSET are shown in Fig. 2. All of these behavioral statements influence the pre-
evacuation time performance eclement (of computer-based evacuation models).
Figure 2 shows that hypervigilance and clear cues (behavioral statements #2 and
5) can decrease pre-evacuation time; while all others (e.g., frequent false alarms,
habituation, stress, and impairments) can increase pre-evacuation time and delays.

3.2. Behavioral Statements Stages 1 and 2: Assess Situation and Risk

After the three pre-decisional processes are completed, the core of the PADM
consists of a series of five questions shown in the left-hand column in Fig. 1. The
main focus of this section is on Questions 1 and 2—related to the risk identifica-
tion and risk assessment stages.

During risk identification, the individual decides if there is actually something
occurring that may require his/her attention and action, sometimes referred to as
warning belief [43], but referred to here as threat belief to account for people’s
reactions to all types of environmental cues [15]. If the individual’s answer is yes,
then the individual is said to believe the threat, and subsequently moves on to
consider the next question in the process.

Next, a risk assessment is performed. Research has shown that a person’s per-
ception of personal risk, or anticipated personal exposure to death, injury or
property damage, is highly correlated with disaster response [15]. In this stage,

3 An individual’s perception of their environment and the manner in which they may function within it
is also address in Gibson’s theory of affordances [32].
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[2] Hypervigilance
[5] Clear cues

[1] Frequent drills/false alarms

[3] Habituation/focus/stress (if source of
stress is something other than the fire
cues)

[4]Sensory/cognitive impairments

Fig. 2. Potential effect of pre-decisional processes on RSET
(pre-evacuation time).

also known as personalizing risk [24], the individual determines the likelihood of
personal consequences that could result from the threat and asks the following:
“Do I need to take protective action?”” Essentially, at this point, which is also dis-
cussed in human factors research as “‘situation awareness’ [44], the individual tries
to gain insight on the potential outcomes of the disaster and what those potential
outcomes mean for his/her safety. The internal dialogue that takes place at this
stage can be thought of as mental simulation or mental modeling. This involves
the individual developing a mental model of what is going on in his/her environ-
ment, based on perceived cues. The individual then expands the mental model to
project forward and predict the personal consequences of the event [28]. The more
certain, severe, and immediate the risk is perceived to be, the more likely the indi-
vidual is to perform protective actions [45].

Especially in the initial stages of an event, individuals may have difficulty with
the first two questions—identifying and assessing the risk. Even after receiving
what many would consider obvious evidence of danger, some people disbelieve or
disregard the threat altogether—thinking that nothing unusual is happening that
places them at risk, known as normalcy bias [26]. People may also think that even
though there may be a threat present, it will not negatively affect them, known as
optimistic or optimism bias [46]. Individuals often have trouble estimating the
consequences or severity of an incident since they are likely unfamiliar with the
potential speed of fire development or lethality of toxic smoke products.

On the other hand, there are factors that are more likely to increase the likeli-
hood of individuals identifying and assessing risks. For example, if cues or infor-
mation about an actual fire event are provided from a credible (and authoritative)
source in a consistent manner, individuals are more likely to believe that a threat
is viable. Additionally, if others around the individual are and/or seemed con-
cerned about a possible serious fire event, the likelihood of risk identification and
assessment increases.

The likely impact that the behavioral statements associated with this PADM
stage have on RSET are shown in Fig. 3. All of these behavioral statements influ-
ence the pre-evacuation clement. Figure 3 shows that credible cues, authoritative
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[6] External cues' precise/credible/consistent/
comprehensive/intense/specific

[7] Authoritative information source
[9] Trained/experienced in particular incident type
[10] Reactive actions from surrounding population

[8] Normalcy and optimism biases

[10] Non-reactive response from
surrounding population

Fig. 3. Potential effect of Stages 1 and 2 on RSET (pre-evacuation
time).

information sources, training/experience, and reactive actions from the surround-
ing population (behavioral statements #6, 7, 9, and 10) can decrease pre-evacua-
tion time; while all others, i.e., bias and non-action from the surrounding
population, can increase pre-evacuation time and delays.

3.3. Behavioral Statements Stages 3 and 4: Protective Action Search and
Selection

In the next stage of the five-question process within the PADM (see Fig. 1), the
individual engages in a protective action search, i.e. seeks options or ways to
achieve protection. Research literature suggests that individuals develop their
options by performing mental simulation [47, 48], similar to the methods of devel-
oping interpretations. Mental simulation [28] allows an occupant to mentally
structure scenarios in the current situation, project the current situation into the
future, and estimate possible outcomes. The search for options becomes the pro-
cess of mentally developing scenarios of action before actually performing the act,
which can be influenced by pre-event training or previous experiences in fire inci-
dents.

The search for options of what to do can also occur collectively [49]—ecither
collaboratively or through suggestion by a leader figure. In addition to interpret-
ing an event, groups work together to plan a coordinated action that will solve
the problem presented by the interpretation, if any. Suggestions for actions can
come from any member of the group, although leaders are likely to emerge with
suggestions of next actions [49, 50]. In the face of uncertainty and time pressure,
people are likely to come together, share their interpretations, and define plans for
collective action in an event.

Individuals or groups are unlikely to search for a large number of options dur-
ing the decision-making phase. Research suggests that individuals and groups are
likely to develop a narrow range of decision options due to the following condi-
tions: (1) perceived time pressure [S1-54]; (2) limited mental resources [30, 55, 56];
and/or (3) training and knowledge of procedures [28, 48]. Time pressure, likely in
a fire event, causes people to perceive a fewer number of cues (termed perceptual
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narrowing), process the information less thoroughly and in turn, to consider a
narrow set of options [51]. Also, people do not expend large amounts of intellec-
tual resources envisioning the broad range of scenarios, but rather are likely to
envision only the scenarios that they believe are necessary to reach a goal [55].
Finally, research suggests that those who are highly trained and/or know of speci-
fic procedures will be guided by training and will likely not develop more than
one option at a time [28].

Following the protective action search, individuals undertake a protective action
assessment, 1.e. assess the potential option(s), evaluate the option(s) in comparison
with taking no action and continuing with normal activities, and then select the
best method of protective action.

Rationality-based research claims that individuals will attempt to optimize their
decision-making by considering all options developed and choosing the best
one—known as rational choice strategy [57, 58]. In a fire situation, weighing of
multiple options is unlikely to occur. Research on decision-making under uncer-
tainty indicates that people use a variety of heuristics to make this choice [28, 59].
Heuristics are simple rules to explain how individuals make decisions. Whereas
some research might view the use of heuristics as a source of bias in decision-mak-
ing [60], other researchers see heuristics as strengths based on the use of expertise
[61]. Examples of heuristics that individuals employ in choosing options include
anchoring or focusing on the first option developed [59], choosing the most avail-
able option (the easiest to develop or recall) [59], comparing all options with each
other and choosing one based on the evaluation criteria [62—-64], and satisficing
[30].

Satisficing [30, 55, 65] is a method in which an individual chooses the first
option that seems to work, though not necessarily the best option overall [28]—an
option which produces results that are good enough rather than optimal. The sat-
isficing heuristic actually combines the processes of option development and
option choice together in one step. As the decision-maker develops options, s/he
evaluates each one as it is developed and stops developing options when one is
deemed to satisfy the search criteria. Whereas the rational choice strategy is more
likely to be used when people attempt to optimize a decision [28], satisficing is
more likely to be used in situations with a greater time pressure, dynamic condi-
tions, and ill-defined goals [28].

In emergencies, individuals at risk have two general options: taking protective
action or continuing previous activities. Once an action is chosen, the end result
of the protective action assessment is an adaptive plan, which can vary in its
specificity.

Behavioral statements 11-17 are likely to influence the search and assessment of
protective actions taken by individuals in a fire event. Rather than consistently
influencing a performance element (i.e., increasing or decreasing its value), the
immediate impact of these statements is largely scenario-dependent. For instance,
the actions of a surrounding population can influence the action selection process
of an evacuee. The impact of this choice/behavior will largely depend on the suit-
ability of the actions of the surrounding population given the conditions faced; i.e.
they might help or make things worse.
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3.4. Behavioral Statements Stage 5: Protective Action Implementation

According to the PADM, after a protective action is chosen and the adaptive plan
is developed, individuals may undertake protective action implementation and per-
form the action that they decided upon in the decision-making phase. If new
information is presented before an action is performed, the occupant will recon-
sider and may discard the current action and begin the behavioral process again.
The action involves performing some type of physical act, although the act could
be waiting or even inaction that takes some amount of time to complete (or is
conducted for a period of time). Both summary research (e.g., [11, 34-36]) and
research on specific incidents (e.g. [66—69],) highlight certain actions in which peo-
ple are likely to engage [10].

These protective actions, depending upon the situation, can include waiting,
alerting others, preparing for evacuation, assisting others, fighting the fire, and
searching for and rescuing others. However, if information received is incomplete,
ambiguous, or contradictory, causing uncertainty in understanding cues and which
actions to take, individuals will likely engage in additional information-seeking
actions (shown by the right-hand column in Fig. 1). These can include milling,
physically seeking information, and/or asking others for information. The greater
the ambiguity perceived, the more likely that individuals will search for additional
information that can guide their actions [49, 70, 71]. Any information gained will
then act as social or physical cues to begin the decision-making process over
again.

Note that individuals do not have to go through each stage or question in the
decision flow chart shown in Fig. 1. For example, if an individual is presented
with information about the event from a credible source or if s/he is ordered to
evacuate, s/he may move on to later stages in the decision process rather than
going through each one in succession. Finally, individuals who decide that they
are not at risk may neglect to take protective action at all and in turn, terminate
the emergency decision-making process.

Behavioral statements 18-25 are likely to influence the actions taken by an
evacuee. Similar to the previous set of statements, the immediate impact of these
statements is largely scenario-dependent. For instance, the appearance of a route,
including the presence of smoke as well as the presence of other people, can influ-
ence its use. Training and familiarity with a route can also influence its use. The
impact (i.e., positive or negative) of these factors will largely depend on the sce-
nario or scenarios being tested.

3.5. Behavioral Statements: General

The preliminary conceptual model (Table 1) also includes general statements that
provide more of an abstract view on the nature of evacuation. For instance,
behavioral statement #26 highlights “rational behavior as more likely than panic”.
This statement might be applicable at numerous points during a fire emergency;
and therefore, applies to all of the stages of the PADM.

Similarly, the behavioral statements about evacuation being a social process and
the influence of social norms apply to all stages of the evacuation process. Social
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processes influence actions taken in the earlier stages of an evacuation (e.g., indi-
viduals responding to cues from managers and others with recognized responsibili-
ties or roles, thereby impacting pre-evacuation time), as well as the latter phases
(e.g., individuals moving to find and form groups with others in order to exit
together, thereby impacting elements such as behavioral itineraries, route usa-
ge/choice and physical movement characteristics).

Social norms may be derived from peer, organization, cultural and/or societal
influences (e.g. unquestioningly following instructions issued by a manager
because that is the example led by others at the organization, or because such
obedience is implied in one’s contract, etc.) and these existing “‘rules” may influ-
ence behavior during a fire. However, in a fire emergency, individuals often face
new and unfamiliar situations, and are required to make a concerted effort to cre-
ate meaning out of this, often under time pressure. From this meaning, a set of
actions, different from those that have become routine, must be created. Emergent
norm theory (ENT), explains the process of meaning-making in the face of uncer-
tain conditions [49], stating that in situations where an event occurs that creates a
normative crisis (i.e., an event where the institutionalized norms may no longer
apply), individuals interact collectively to create an emergent situationally-specific
set of norms to guide their future behavior. So, for instance, if a manager was not
present at the time of the fire to tell employees what to do, individuals might go
through milling [72] and keynoting processes [49], working together to redefine the
situation and propose a new set of actions.

Even if a manager or others with responsibilities were present, they might be
located in a building that is subject to frequent false alarms. This raises the ques-
tion of the interaction between roles and the frequency of false alarms and their
influence on situation and risk assessment. More generally, it raises the question
of interactions among the behavioral statements as a whole. It will be important,
in the next stage of this research, to identify the ways in which some of these fac-
tors overlap with one another and which factors are more influential than others
in this decision-making process.

4. User Representation of Current Understanding

Modelling is a process that involves the user, the evacuation tool being employed
and the data/theory available that supports our understanding of evacuee
response in a given scenario. The user defines scenarios of interest, using the data/
theory available and then represents these scenarios by configuring the evacuation
tool being employed. The number and nature of these scenarios determine the
scope of the analysis, the initial conditions, and the assumptions on which the
evacuee response is based. As such, the ‘behavioral model’ is a composite of these
three components. The behavioral statements might be represented explicitly or
implicitly in this model—in the scenario definition, in the model configuration
and/or in the manner in which the model is applied.

As noted earlier, the current set of evacuation tools do not explicitly represent
all of the behavioral statements. In any scenario, all of the statements should be
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considered to determine the impact that they might have on evacuee performance.
The final impact or relevance of these statements will be highly scenario depen-
dent, but the statements should at least be considered to determine whether they
have an impact and the extent to which they influence the results. Their inclusion
or exclusion from consideration should be justified in all cases.

Broadly speaking the behavioral statements can be considered within an RSET
calculation in the following ways:

1. The egress model has credible/validated functionality that is able to explicitly
represent the set of behavioral statements. The user then needs to ensure that
this functionality is activated. Note: this model does not currently exist.

2. The set of behavioral statements used has sufficient supporting data such that it
can be represented by the user directly within the egress scenario. Depending
on the data and the model, this might be employed to represent the higher-
level conditions that emerge (e.g. flow) or agent-level actions (e.g. travel
speeds). The user then imposes a response on the evacuating population given
the derived impact of the statements on performance. This might be repre-
sented quantitatively or qualitatively, given the nature of the impact.

3. There is currently insufficient supporting data to characterize the impact of the
statements. The statements might then be used to define a scenario or as part of a
sensitivity analysis by varying parameters in the calculation/egress model. This
would enable the impact of different parameter levels upon the results to be
established without necessarily having definitive indications of what the levels
might be and what the impact might be. An example of this is varying the pro-
portion of a population that use a particular route to establish the sensitivity of
the results to exit familiarity. The user is then accounting for the potential impact
of a statement rather than assigning the specific impact of a statement. The mod-
elling process is then adapted to account for this variability.

4. The set of behavioral statements cannot explicitly or implicitly be included in
the configuration of the model or scenario design. Several of the statements
(e.g. behavioral statements #26-28) relate to more abstract elements that influ-
ence the nature of the conceptual model rather than a specific parameter.

Where a model does not explicitly represent the impact of the behavioral state-
ments (as is currently the case), the user may manually configure the engineering
elements available—relating to pre-evacuation time, physical movement character-
istics, route availability, route use and behavioral itineraries (if available)—to
implicitly represent the impact of these statements. In essence, the user is aug-
menting the existing behavioral model. The user drives the simulated evacuees to
perform in a certain manner to reflect the statements that are relevant to the sce-
nario in question. The precise manner in which this is performed is reliant on the
availability of supporting data/information and the specificity of the statements’
impact. For instance, this may require quantitative changes (e.g. increasing/de-
creasing the assigned pre-evacuation times, travel speeds or attainable flow rates)
or qualitative changes to the evacuee response (e.g. route use/availability or tasks
to be performed).
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As more relevant data is collected, so the quantification of the behavioral state-
ments within fire engineering will become more commonplace, providing less of a
need for the user to rely entirely on sensitivity analysis across a wide range of val-
ues.

Broadly speaking, the behavioral statements influence different performance ele-
ments (see Table 2). Where the influence is both quantitative and consistently in
one direction, this is shown by an arrow, in Table 2, indicating the direction of
the impact. Otherwise, the fact that it influences a performance element is simply
shown as a blacked-out square, with no direction. This notation highlights the
behavioural statements that are scenario-dependent and require the user to
account for these statements in a way that is most relevant for the scenario(s) at
hand. For instance, definitive guidance may be unavailable on the precise likeli-
hood of an evacuee making use of a particular route. However, we can assess the
likelihood of smoke spread to this route, and based upon calculations of optical
density and toxic products, can make a more informed prediction on route usage.
Additional information on the development of occupant scenarios can be found in
a number of locations, in addition to data on human behavior in fire, which can
be used to support the input of behavioral statements into occupant scenarios
(e.g. [11, 73, 74]).

Table 3 presents a hypothetical scenario exploring the impact of the statements
on the RSET calculation. To create this hypothetical scenario within the model,
the user would likely review the behaviour statements for guidance on the critical
factors to represent. Additional guidance on behavioral scenario development and
supporting data can be found in the SFPE Handbook [73, 74]. Here, the model
user is required to assess the evacuation of an office building. Notification is pro-
vided by a voice alarm/PA system, supported by active, trained fire marshals. The
building is subject to organized, regular fire drills. The emergency procedure also
ensures that non-emergency systems (e.g. computer terminals) are disabled on the
sounding of the alarm.

The behavioral statements highlighted in Table 2 can be interpreted according
to their impact on the egress scenario and the practicality of representing this
impact; i.e., (a) where data can be found to represent the impact of the statement
directly; or (b) whether the statements suggest egress scenarios or parameter varia-
tion as part of a sensitivity analysis (e.g., because there is insufficient data avail-
able and/or there are interactions among behavioral statements). Where data
could be found, the effect upon the calculation has been classified as ecither “de-
crease”’, where the scenario and set of behavioral facts will likely reduce RSET or
“increase’”, where the scenario and set of behavioral facts will likely increase
RSET (following on from the guidance provided in Table 2). This categorisation
will, in reality, be dependent on the manner in which that data were collected for
the values used in the model/calculation and the extent to which the represented
scenario is similar to the scenario where the data were collected.
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Table 2
Representative Engineering Assumptions

Performance Elements

Behavioral | Pre-Evac | PMC | RA | RU | BI

Statement
1

X EN o N I& I [SVRI N
A I G e e )

O

5. Summary/Conclusions

Understanding and representing evacuee performance is a difficult and compli-
cated task. This task is made even more difficult by our partial understanding of
the problem at hand, further compromised by our tendency to oversimplify and
focus on the physical at the expense of the psychological and the sociological. The
lack of a comprehensive conceptual model of human behavior in fire has impor-
tant consequences for the users of egress models in that it introduces significant
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factors based on research and theory that can substantially increase or decrease
evacuation times.

This article has presented a list of 28 behavioral statements, with associated
suggestions made regarding how the user might represent these statements in evac-
uation models using the core performance elements (e.g. pre-evacuation times,
physical movement characteristics, route availability, route usage, and behavioral
itineraries). These behavioral statements have been derived from research in evac-
uations from fire, along with input from broader disasters research. Given the dif-
ferent foci of the original subject areas, little research, until now, has been
available that links influential factors (including individual characteristics, environ-
mental cues, and process factors, such as risk perception) to specific protective
actions. These linkages are especially important since the focus here is to improve
evacuation models and their ability to predict the performance of specific pre-
evacuation actions and associated delay times.

Most current models are significant simplifications of actual evacuee response.
None of the current models are able to represent all of the statements identified
without significant user intervention. The embedded behavioral models are limited
in scope and refinement. However, most of the models available allow the user to
manipulate the basic performance elements: pre-evacuation times, route usage,
route availability, physical movement characteristics and behavioral itineraries (to
some extent). This provides an opportunity for these elements to be configured to
represent the impact of the behavioral statements (be they sociological, psycholog-
ical or physical) on evacuation performance. This discussion has examined the
behavioral statements and how the user might represent them in an egress model
by configuring these basic performance elements.

The authors hope that this discussion will promote further development of con-
ceptual models in the field and their implementation within egress models in the
future. This should then at least enable model users to represent key evacuee
behaviors within the modelling environment without directly imposing them upon
the scenario at hand.
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